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Additional Information with regard to the applications and maintenance of this 
‘ equipment will be available from time to time. Users of the Model 71 are urged 
to discuss their problems with us and to suggest such modifications as might make 
the instrument more adaptable to their special requirements. 


Maintenance difficulties should be reported before proceeding with actual repairs, 
since our familiarity with such problems will usually suggest a simpler procedure. 
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CHAPTER 1 
INTRODUCTION 


Section |. GENERAL 


1. SCOPE OF MANUAL. 


a. This manual describes the basic operation, con- 
struction and maintenance of the Model 71 Square- 
Wave Generator. Following the text of the manual are 
three appendices. Appendix I describes the recommended 
procedure for preparing the instrument for prolonged 
storage or re-shipment. Appendix II contains an 
Identification Table of Replaceable Parts, listing the 


reference symbols, name and description, function and 
drawing number of each part required for maintenance. 
Appendix III is a bibliography on the subjects of square 


wave theory and testing. 


b. This book contains copyrighted material. Repro- 
duction in whole or in part is prohibited except by 


permission of Measurements Corporation. 


Section Il. DESCRIPTION AND DATA 


2. GENERAL. 


a. The Model 71 Square-Wave Generator, see Fig- 
ure 1, is a completely self-contained source of sym- 
metrical square waves covering the fundamental range 
of 6 to 100,000 cycles per second. It is suitable for 
testing the characteristics of networks, amplifiers and 
many other systems over the audio and video ranges 
from one cycle to several megacycles per second. 

b. It is recommended that the user of the Model 71 
study the references listed in APPENDIX III in order 
to obtain a comprehensive understanding of the funda- 
mentals of square wave testing. 


NOTE: 


The purchaser is invited to correspond with 
Measurements Corporation concerning special 
modifications of the Model 71 which can be 
made at nominal cost for operation at low fre- 
quencies or for special precision output 
attenuators, etc. 


3. TECHNICAL CHARACTERISTICS. 


a. FREQUENCY CHARACTERISTICS: 
(1) Continuously variable from 6 to 100,000 cycles 
per second in the following four overlapping ranges: 


6-100 cycles per second 
60-1000 cycles per second 
0.6-10 kilocycles per second 
6-100 kilocycles per second 


b. FREQUENCY CALIBRATION: 

(1) Frequency dials are individually calibrated to 
+5% on the X100 range to compensate for manufac- 
turing differences in the variable resistors which are the 
frequency-determining elements. The MULTIPLY BY 
decades are checked to +10%. 

(2) No guarantee as to frequency accuracy is made. 

(3) Synchronizing input terminals are provided so 
that the internal multivibrator oscillator may be syn- 
chronized with an external frequency, or to a multiple 
or submultiple thereof, when it is desired to have a 
precise output square-wave frequency. 


c. WAVE SHAPE: 
(1) Rise time less than 0.2 microsecond with 
negligible overshoot at 75 peak volts output. 
(2) Rise time is less than 0.1 microsecond at out- 
puts of less than 5 volts peak. 


NOTE: 
Model 71’s having serial numbers under 641 
may have longer rise times. These instruments 
may be serviced and modernized by Measure- 
ments Corporation at a nominal cost. 


(3) Output wave is a symmetrical square wave 
with closely equal half periods superimposed on a 
negative d-c component equal to half the peak-to-peak 
magnitude of the square wave. 


(4) A clean flat top, with less than 5% overshoo:, 
is maintained over the complete frequency range. It is 
necessary to carefully select the 6AG7 output tube in 
order to obtain a clean wave shape. 


Early type 6AG7 tubes often produced poor output 
wave shapes caused by the cathode interfacial properties 
of these tubes. 


d, OUTPUT VOLTAGE AND IMPEDANCE: 


(1) Step attenuator giving a negative-going square 
wave of approximately 75, 50, 25, 15, 10, 5 negative 
peak volts fixed and 0 to 2.5 negative peak volts con- 
tinuously variable, all at 20 ohms per volt output 
impedance. (See Figure 3(a)). 


4. COMPONENTS SUPPLIED. 


(2) Synchronizing output voltage 25 volts negative 
peak across 1500 ohms. 


(3) Synchronizing input impedance consists of a 
100,000 ohm resistor in series with a 0.003 mfd. con- 
denser connected to the grid circuit of one multivibrator 
tube. 

e. MODULATOR: 


(1) Built-in modulator for square-wave modula- 
tion of r-f carriers. 


(2) Recommended carrier input is 0.1 to 1 volts. 
Maximum carrier input is 5 volts. 


(3) Modulator translation gain is approximately 
On: 
(4) Output impedance is 600 ohms. 
f. POWER SOURCE: 
(1) 117 volts, 50-60 c.p.s. 
(2) Power input 100 watts. 


TABLE |. TABLE OF COMPONENTS 


Quantity Description 


Dimensions 


Height Width 


Model 71 Square-Wave Generator 


Manual of Operating Instructions 
Tube, RTMA #6]5, installed 

Tube, RTMA +0D3/VR-150, installed 
Tube, RTMA #5Y3G, installed 

Tube, RTMA +6AG7, installed 

Tube, RTMA +6SA7, installed 


5. EXPORT PACKAGING. 


a. Packed for export, the Model 71 is crated in a 


wooden box. 


‘TABLE II. EXPORT 


Dimensions 


Wi 15” 


PACKAGING DATA. 


Packages Width 


224 


CHAPTER 2 
OPERATING INSTRUCTIONS 


Section I. SERVICE UPON RECEIPT 
OF EQUIPMENT 


6. UNPACKING. 


a. Take care when unpacking or handling the equip- 
ment. Follow the procedure outlined below when 
unpacking the instrument. 

(1) Place the packing case in a location where it 
can be opened easily. 

(2) Remove nails with a nail puller and remove 
the top of the packing case. 

(3) Lift the generator from the packing case and 
remove the paper wrapping. 


(4) Inspect the case and controls on the front 
panel for possible damage during shipment. 


7. PRELIMINARY PRECAUTIONS. 


a. Connect the Model 71 to a power source of 117 
volts, 50-60 c.p.s., with at least 100 watts capacity. 

b. During operation make certain there is ample 
clearance between the rear of the case and the wall or 


other object to provide sufficient ventilation. 


Section Il. CONTROLS AND 
INSTRUMENTS 


8. FREQUENCY. 


a. The FREQUENCY CYCLES dial, 12, located in 
the upper left-hand corner of the front panel as shown 
in Figure 2, provides a continuous variation in fre- 
quency by rotation of the dual variable resistor, R4. 

b. The MULTIPLY BY dial, I4, located in the lower 
left-hand corner of the panel, provides decade step 
changes in frequency of 1, 10, 100 and 1000 by rotation 
of the step switch, $2, which switches the multivibrator 
tuning capacitors C2 through C9. 

c. The square-wave frequency is obtained by multiply- 
ing the CYCLES dial reading by the MULTIPLY BY 
multiplying factor. 


9. PEAK VOLTS. 


a. The PEAK VOLTS meter, M1, located in the 
upper center of the panel is calibrated so that when 
it is set to the 1.0 point on its scale, the peak amplitude 
of the output square wave is indicated by the OUTPUT 
attenuator dials. 

b. The knob directly below the meter is used to set 
the PEAK VOLTS meter to the reference value 1.0 by 
varying the Output Adjustment resistor, R14. This 
knob also serves as a “balance control” for balancing 
out the residual square-wave component at the R.F. 
OUT terminals when the internal modulator is used 
to modulate r-f carriers with square waves. 


10. OUTPUT. 


a. The OUTPUT ATTENUATOR dial, 15, located 
in the lower right-hand corner of the panel, provides a 
stepped output of 0, 5, 10, 15, 25, 50 and 75 negative 
peak volts by switching the resistors R28 through R33. 
When this dial is set to VAR the variable potentiometer 
R27 is connected to the output terminals. 

b. With the dial, 15, set to VAR, the VARIABLE 
OUTPUT dial, 13, located above 15, provides a con- 
tinuously variable output of 0 to 2.5 negative peak volts. 


11. POWER. 


a. The POWER switch, S1, located in the lower left- 
hand corner of the panel controls application of line 
voltage to the primary of the power transformer, T1. 

b. Directly above the POWER switch is the pilot 
light, I1. 

c. The fuses, F1 and F2, are located in the power 
plug. 


12. SYNCHRONIZING INPUT. 


a. The SYN. terminals in the upper left-hand corner 
of the panel provide means for injecting a signal from 
an external source into the grid circuit of the built-in 
multivibrator in order to synchronize it with the external 
signal, or with a multiple or submultiple of this signal. 
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13. SQUARE-WAVE OUTPUT. 


a. The three terminals marked S.W. located in the 
lower right-hand corner of the panel are the SQUARE 
WAVE OUTPUT terminals. 

b. The center terminal is the output ground terminal. 

c. The upper terminal provides the VARIABLE 
SQUARE WAVE output. 

d. The lower terminal provides a SYNCHRONIZ- 
ING OUTPUT square-wave signat of approximately 
25 volts peak for oscilloscope sweep synchronizing, or 
similar purposes. 1H 


Section Ill. 


16. INSTALLATION AND ADJUSTMENT. 


a. The Model 71 Square Wave Generator is a port- 
able electronic test instrument which requires no perma- 
nent installation. Sufficient clearance should be provided 
between the rear of the case and other objects to insure 
ample ventilation. No preliminary adjustments are 
required prior to operation. 


17. PRELIMINARY OPERATIONAL CHECKS. 


a. Connect the line cord to a source of 117-volt, 
50-60 c.p.s. power of at least 100-watts capacity and 
place the POWER switch, S1, in the up position. The 
pilot light will indicate that the power is applied. 
Allow one minute for the tubes to warm up. 


b. Rotate the OUTPUT ADJUSTMENT knob located * 


below the meter to its full clockwise position. 


c. Select, in turn, each of the FREQUENCY ranges 
on the MULTIPLY BY dial, 14. For each range, rotate 
the FREQUENCY dial, I2, over its entire calibrated 
scale. The OUTPUT METER, M1, should then give 
an indication greater than 1.0 for any frequency 
selected, if the OUTPUT TERMINALS, S.W., are not 
connected to any external equipment. 


NOTE: 


Below 50 cycles the meter pointer will vibrate 
or oscillate about its average reading. This is a 
normal condition, because the meter is capable 
of following low-frequency oscillations. 


d. Connect a cathode-ray oscilloscope to the upper 
two SQUARE WAVE OUTPUT terminals S.W. as 
shown in Figure 3(a). If it is desired to use an external 
synchronizing signal with the oscilloscope, connect the 
lower S.W. terminal of the Model 71 to the Sync 
terminal of the oscilloscope as shown by the dashed 
line in Figure 3(a). 


14. R.F. IN. 


a. The R.F. IN terminals located directly above the 
S.W. terminals provide means for connecting an ex- 
ternal signal to the built-in R.F. MODULATOR so that 
the external signal may be modulated with a square 
wave. 


15. R.F. OUT. 


a. The R.F. OUT terminals located directly above the 
R.F. IN terminals are the square-wave-modulated r-f 
signal output terminals. 


OPERATION 


e. If the oscilloscope employed is of the wide-band 
type with a good transient response characteristic, a 
clean square wave with sharp vertical sides and a hori- 
zontal flat top should be observed for all frequency 
settings of the Model 71. Some improvement in rise 
time may be obtained by adjusting the OUTPUT 
ADJUST knob located below the meter and by setting 
the attenuator for an output of less than 5 volts. 


f. If the oscilloscope employed to check the Model 71 
is of the general-purpose type with restricted low-fre- 
quency and high-frequency responses, the shape of the 
square waves observed may be distorted. This is, of 
course, due to the poor transient response of the 
amplifiers in the oscilloscope. 


NOTE: 


If the low-frequency cut-off of the CRO is at 
f, and the high-frequency cut-off is at f,, then, 
in general, the CRO will display clean square 
waves for square-wave repetition frequencies 
extending approximately from 10f, to f,/10. 


g. Any indication of faulty operation should be re- 
ported immediately to Measurements Corporation. 


18. OPERATION AND USE. 


a. Set-up procedure 


(1) Connect the line cord to a source of 117-volt, 
50-60 c.p.s. power. 


(2) Place POWER switch in up position, and 
allow one minute for tubes to heat up. 


(3) If very constant amplitude and frequency 
output are of importance, it is desirable to operate the 
Model 71 from a regulating transformer. 


D.C. COMPONENT 


MODEL 71 


=20sVOLTS 
APPROX. 


SIGNAL GENERATOR USED WHEN PRECISE 


GEN i sa PREFERABLY. 
SQUARE-WAVE FREQUENCY IS DESIRE WIDE-BAND Sw 


MODEL 82 OSCILLOSCOPE. 


ee 
MODEL 71 


CRITERION OF CHOICE OF R-C VALUES SAME 
AS FOR COUPLING NETWORK IN AN AMPLIFIER. 


Figure 3(d)—CAPACITOR USED TO ELIMINATE D-C COMPONENT. 


Figure 3. External Connections for Use of Square Waves. 


19. USE OF SQUARE WAVE OUTPUT. 
a. Square-Wave testing 

(1) Figure 3(b) is a block diagram showing how 
the square-wave output of the Model 71 is used to test 
a network, amplifier or other three-terminal system 
(four terminals with a pair of terminals common to 
input and output). 

(2) In applications where the d-c component is 
undesirable, it can be removed by connecting a dry 
battery (“C” batteries or mercury batteries are excellent 
for this purpose) in series with the output as shown in 
Figure 3(c). The d-c component can be completely 
balanced out for any particular setting of the output 
attenuator and for any particular load impedance by 
using adjustable taps on the battery and then varying 
the output adjusting knob below the meter. 


NOTE: 


Care should be exercised to prevent burning 
out the attenuator, particularly when the 
attenuator is set at VAR, by having the battery 
properly connected, especially when the d-c 
resistance of the load is low. 


(3) A series capacitor may also be used to remove 
the d-c component in the square wave, as shown in 
Figure 3(d). The size of the capacitor required is a 
function of the square-wave frequency and the magni- 
tude and type of load impedance connected to the 
Model 71. Too low a blocking Ey will produce 
some wave-form distortion. 


b. Use of synchronizing signal 


(1) If a signal generator is used for synchronizing 
purposes, the voltage injected into the Model 71 
should be kept to as low a value as will produce clean 
synchronization. Too large a synchronizing input may 
produce unequal half periods of the square wave. 


20. SQUARE-WAVE MODULATION OF CARRIERS. 
a. Square-wave-modulated carriers 


(1) The Model 71 contains a 6SA7 modulator stage 
for applying square-wave modulation to r-f carrier 
frequencies up to approximately 10 to 20 megacycles. 


(2) The carrier input terminals are marked R.F. 


IN. The square-wave-modulated carrier is obtained from 
the terminals marked R.F. OUT. A typical set-up is 
shown in Figure 4. 


(3) In addition to the square-wave-modulated car- 
rier, there is present in the plate circuit of the modulator 
some of the square-wave modulating voltage. This 
undesirable component is balanced out by inserting a 
square-waye Noltage of opposite phase, obtained from 
R27, in series with the plate load resistor, R21, of the 
6SA7. Thé knob below the output meter is used as a 
balancing control. The square-wave-modulated carrier 
should be viewed on a wide-band oscilloscope, and the 
balancing control should be adjusted to make the axis 
which is visible during the carrier “off? period coincide 
with the “time” axis of the CRO sweep. A d-c switching 
transient may remain if a low-level carrier is employed. 


(4) It is recommended that carrier signal input 
amplitudes of 0.1 to 1 volt be employed and that 
attenuation be provided after modulation in order to 
minimize the patterns caused by the d-c switching 
transient. A test for the presence of spurious patterns 
arising from this transient is to decrease the magnitude 
of the applied carrier to zero and to note whether there 
is any residual pattern. If no pattern, or only a small 
pattern, is present, the switching transient has been 
properly balanced out. 


(5) It is not ordinarily necessary to synchronize 
the square-wave modulating signal with the carrier 
frequency. However, these signals may be synchronized 
by using the circuit arrangement in Figure 4. Stable 
synchronization may be achieved only if there is not 
too great a difference between the square-wave fre- 
quency and the carrier frequency. (For example, it 
would be difficult to synchronize a 10-cycle square wave 
with a 1-megacycle carrier.) It is desirable to place a 
high-resistance pad, or potentiometer, between the 
signal-generator output and the S.W. input of the 
Model 71 in order to control the magnitude of the 
injected signal for clean synchronization. 


(6) It is sometimes difficult to synchronize the 
multivibrator oscillator positively without “jitter” if 
the synchronizing voltage is sinusoidal. If trouble is 
experienced in this respect, it is desirable to derive a 
synchronizing pulse from the sine wave by application 


- of the clipping and differentiation process. 
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CHAPTER 3 


MAINTENANCE INSTRUCTIONS 


Section 1. MAINTENANCE 


21. GENERAL. 


a. Preventive maintenance procedure is not recom- 
mended for the Model 71. Preventive maintenance is a 
series of operations including inspection, adjustment, 
lubrication, etc., recommended periodically for certain 
types of equipment to eliminate the possibility of unex- 
pected interruptions in service. Critical adjustments 
may be disturbed by too-frequent inspection by person- 
nel unfamiliar with the design of the Model 71 causing 
errors in data that would be much more serious than 
an occasional operational failure. 


b. If failure occurs, the instrument should be 
checked by the procedure outlined in Paragraph 17 
(Preliminary Operational Checks), and if trouble, other 
than a defective tube, is indicated, the instrument should 
be returned to Measurements Corporation. 


c. For analyzing troubles, see Table III and Table IV. 


d. To remove the case of the Model 71, unscrew two 
screws located at the top and two screws located at the 
bottom front edges of the case. The unit may then be 
lifted directly from its case. 


TABLE Ill. TROUBLE SHOOTING CHART. 


Trouble Possible Cause 


Remedy 


Pilot lamp does not light. 


cord. 


Blown fuses (F1 or F2). 
Defective pilot lamp. 


Tube (V5) defective. 
Tube (V4) defective. 
Tube (V6) defective. 


Tube (V3) defective. 
Tube (V6) defective. 


Tube (V1) defective. 
Tube (V6) defective. 
Tube (V2) defective. 


Tube (V7) defective. 
Tube (V6) defective. 


Meter shows no indication. 


Meter reads high. 


Meter reads low. 


No SYNC output. 
No output when S3 is at VAR. 


Defective switch, $3. 


Tube (V6) defective. 
Defective Switch, S3. 


No output when S3 is at fixed 
tap. 


Defective power plug, receptacle or 


Defective power switch (S1). 


Defective power transformer. 


Defective potentiometer R27. 


Defective fixed resistor R28 to R33. Replace resistor. 


No modulated carrier output. | Tube (V8) defective. Replace V8. 


Check for poor connection or continuity. 
Replace if necessary. 


Replace switch. 

Replace fuse and/or check fuse holder. 
Replace lamp and/or check socket. 
Replace T1. 


Replace V5. 
Replace V4. 
Replace V6. 


Replace V3. 
Replace V6. 


Replace V1, 
Replace V6. 
Replace V2. 


Replace V7. 


Replace V6. 
Repair or replace R27. 
Repair or replace S3. 


Replace V6. 
Repair or replace S3. 
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CHAPTER 4 
EQUIPMENT USED IN CONJUNCTION WITH MODEL 71 


Section 1. ACCESSORIES 
22. RECOMMENDED ACCESSORIES. 


a. No special accessories are required. b. It is recommended that a wide-band oscilloscope 


with clean transient-response characteristics be employed 
with the Model 71. 


(1) Short, direct connecting leads suffice for most 
applications. 


TABLE IV. TUBE VOLTAGE CHART. 


SCREEN CONTROL 
(or other grids) GRID CATHODE 


Pin Volts 
8 


| 


8 
8 


0 
0 
0 
0 


2 


2,8 


*RMS 


NOTE: 


Since the power supply is operated with B-- 
grounded, all d-c voltages are measured to the 


common B— bus which is approximately 290 Frequency set for 200 c.p.s. with FRE- 


volts negative with respect to the chassis. QUENCY dial set at 20 and MULTIPLY BY 
EXERCISE CAUTION TO AVOID ELEC- dial set at X10. 


TRICAL SHOCK. OUTPUT ADJUST knob set for meter reading 
of 1.0. 


A-C voltages measured with 1,000-ohms-per- 
volt meter. 


D-C voltages measured with 20,000-ohms-per- 


A variation of +20°¢ from these values is 
volt meter. 


not serious. 
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CHAPTER 5 


TECHNICAL SERVICE—MAINTENANCE INSTRUCTIONS 


Section I. 


23. SCOPE. 


a. The purpose of this chapter is to acquaint operat- 
ing and maintenance personnel with the theory of 
operation of the various circuits in the Model 71 Square- 
Wave Generator and to describe recommended adjust- 


GENERAL 


ment procedures. 

b. Return the instrument to Measurements Corpora- 
tion whenever repairs involving replacement of compo- 
nents is necessary. 


Section Il. CONDENSED THEORY 
OF OPERATION 


24. GENERAL. 


a. A block diagram of the Model 71 is shown in 
Figure 5. 

b. The Model 71 contains a variable frequency multi- 
vibrator oscillator continuously variable from 6 to 
100,000 c.p.s. followed by a buffer-clipper amplifier 
feeding a high-transconductance output amplifier. 

c. The output amplifier is cathode coupled to a 
synchronizing output amplifier and to a r-f carrier 
modulator. 


d. A regulator glow tube is employed to stabilize the 
plate voltage of the multivibrator and of the buffer- 
clipper amplifier. 


25. MULTIVIBRATOR OSCILLATOR. 


a. The basic square-wave signal is generated by a 
symmetrical multivibrator oscillator comprising the two 
6J5 tubes V1 and V2 and associated resistors and 
capacitors. 

b. The frequency of the multivibrator is controlled 
in decade steps of 1, 10, 100 and 1000 by means of the 
switch S2 which switches the capacitors C2 through 
C9. Continuous variation is obtained by varying the 
dual resistor R4. 

c. The multivibrator frequency may be stabilized by 
injecting a synchronizing signal into the grid circuit of 
V1 through the resistor R1 and capacitor C1. 


26. POWER SUPPLY. 


a. In order to permit direct coupling between all 


stages, and at the same time to keep the output d-c 
voltage to a safe value, the B+ terminal of the power 
supply is grounded and all tube cathodes are operated 
at high negative potential with respect to ground. The 
tube cathodes are held at ground potential for a-c 
signals by the electrolytic capacitors C10. 


b. The voltage-regulator tube, V4, is used to stabilize 
the plate voltage of V1, V2 and V3 at 150 volts. 


27. BUFFER-CLIPPER STAGE. 


a. The signal at the grid of V2 has a short rise time, 
or “‘flop-over” period, but sloping top and bottom. This 
signal is directly coupled to the grid of the buffer-clipper 
amplifier, V3. Since V3 is driven from cut-off to grid 
saturation, the signal at the output of V3 is a clean 
negative-going square wave of approximately 60 volts 
peak-to-peak amplitude. 


28. SQUARE-WAVE OUTPUT STAGE. 


a. A high-transconductance 6AG7 tube, V6, is used 
to clip the signal from V3 and to provide a low-imped- 
ance output. 


b. The plate load resistance of V6, which is approxi- 
mately 1500 ohms, consists of the potentiometer R27 
in series with the group of resistors R28 through R33. 
This group of resistors, nominally selected for a toler- 
ance of +5%, in conjunction with $3, comprise an 
attenuator which provides output square-wave voltages 
of 0, variable 0-2.5, 5, 10, 15, 25, 50 and 75 negative 
peak-to-peak volts. 
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c. The one-milliampere meter, M1, and 56,000-ohm 
resistor R26, act as a d-c voltmeter which responds to 
the average value of the negative-going square-wave 
developed across the group of attenuator resistors con- 
nected in series. At the 1.0 division on the meter, the 
current is 24 of a milliampere, corresponding to an 
average voltage indication of 37.5 volts or 75 volts 
negative square-wave peak. The resistor, R25, accessible 
as a screw-driver adjustment behind the panel, permits 
the adjustment of the plate load resistance of V6 in 
order to produce the proper reference value of square- 
wave voltage. 

d, The variable resistor, R14, in the cathode circuit 
of V6, V7 and V8 is a front panel control which permits 
adjustment of M1 to its reference value 1.0. Resistor 
R14 also acts as a balance control for the modulator, V8. 


29. SYNC OUTPUT STAGE. 


a. The 6GAG7 tube, V7, cathode coupled to V6, pro- 
vides a negative-going square-wave output of approxi- 
mately 25 volts peak for synchronizing purposes. 


30. MODULATOR STAGE. 


a. The 6SA7 tube, V8, is a modulator arranged so 
that r-f carrier, or other, signals may be modulated with 
a square wave. The square-wave modulating signal is 
injected in the cathode circuit of V8. Since there is a 
component of this square wave in the plate circuit of 
V8, R21 is connected in series with R27 across which 
a square-wave component of opposite phase is generated. 
By proper adjustment of the panel balance control, R14, 
these signals may be made to cancel as described in 
paragraph 20. 


Section II]. TROUBLE LOCATION 


31. LOCALIZING THE TROUBLE. 


a. Trouble may be quickly localized by making the 
preliminary operational checks described in Paragraph 
17 and by reference to the Trouble-Shooting Chart, 
Table III. 


b. A chart showing normal tube voltages is given 
in Table IV. 


c. To remove the case of the Model 71, unscrew the 
two screws located at the top and the two screws 
located at the bottom front edges of the case. Place 
the instrument, face down, on a soft cloth to prevent 
scratching. The unit may then be lifted directly from 
its case. 


Section IV. PRE-ADJUSTMENT PROCEDURE 


32. TEST EQUIPMENT REQUIRED. 
a. The following equipment should be available for 
adjustment purposes: 
Audio Oscillator with at least 2% frequency 
accuracy. 


Cathode-ray Oscilloscope, wide-band type with 


response extending up to 3 to 10 megacycles. 
Multi-meter with D-C sensitivity of 20,000 
ohms per volt and A-C sensitivity of 1,000 
ohms per volt. 
Line Voltage Regulating Transformer of at 
least 100 watts capacity. 


Section V. ADJUSTMENT PROCEDURES 


33. GENERAL. 


CAUTION 
Do NOT attempt to adjust any control before 
reading the following instructions. 


a. The Model 71 should be plugged into the voltage 
regulator and allowed to warm up for at least one-half 
hour. 
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34. OUTPUT VARIATION. 


a. Turn the Output calibration knob located below 
the meter clockwise to the full On position. Rotate the 
frequency dial, 12, and the frequency multiplier switch, 
14, and observe the minimum peak volt reading of the 
meter for any point on the calibrated range. This 
should be more than 1.00. 


b. Turn the Output calibration knob clockwise to 
the minimum position. Repeat the procedure in “a” 
and observe the maximum reading on the peak volt- 
meter. This reading should be less than 1.00. 


c. If the square-wave output of the Model 71 meets 
the Asymmetry Check outlined in Paragraph 35 below, 
the output peak amplitude of the square wave may be 
adjusted to fall within the above tolerance by varying 
the resistor R25. 


35. ASYMMETRY CHECK. 


a. Set the Model 71 MULTIPLY BY dial on the 
X10 scale and the ATTENUATOR for 50 volts output. 
Connect the square-wave output directly to the vertical 
plates of the cathode-ray oscilloscope (CRO). Set the 
sweep of the CRO to exactly twice the Model 71 fre- 
quency, and do not employ any sync. When the sweep 
frequency is exactly twice the square-wave frequency, 
a small break will be observed in one line of the 
pattern, and a small overlap in the other. Change the 
square-wave frequency slowly until the break closes 
and the point of the two waves are the same. This is 
the frequency setting for a symmetrical wave. 


b. Set the output meter to 1.00 and change the fre- 
quency of the Model 71, covering all of the calibrated 
frequency ranges, and observe the maximum and mini- 
mum swings of the output meter, M1. The meter read- 
ing should fall within +15% of the 1.00 reading; 
that is, a minimum reading of 0.85 volts and a maxi- 
mum reading of 1.15 volts. Since the meter responds 
to the average value of the negative-going square wave, 
these readings are a relative measure of the “on” and 
“off” periods, or the symmetry of the square wave. Lack 
of symmetry may be corrected by proper selection of 
tubes V1, V2, V3, V6 or V7, and/or by adjustment 
of resistor R17. 


36. FREQUENCY CALIBRATION CHECK. 


a. Connect the output of the Model 71 to the vertical 
amplifier of the cathode-ray oscilloscope. Connect the 
output of the audio-frequency oscillator to the horizontal 
amplifier in order to obtain Lissajou patterns. Set the 
MULTIPLY BY dial of the Model 71 to X100 and 
measure the square-wave frequency by rotating the 
audio-oscillator frequency dial for a single loop station- 
ary pattern. Check all of the numbered frequency 
divisions on FREQUENCY dial 12. These divisions 
should check to a tolerance of +5%. 


37. FREQUENCY DECADE CHECK. 


a. Use the technique outlined in Paragraph 34. Set 
the audio oscillator to 10 Kc., and adjust the Model 71 
for a single-loop stationary pattern using the MULTI- 
PLY BY setting of X100. Leave the FREQUENCY 
dial, 12, of the Model 71 at this setting, and switch 
the MULTIPLY BY dial, I4, to K1, X10 and X1K 
positions. In each case, measure and record the fre- 
quency with the audio oscillator. The frequencies re- 
corded should fall within the decade frequency 
tolerance of +10%. 


38. OUTPUT VOLTAGE CHECK. 


a. Set the multi-meter on its 50-volt D-C range, and 
connect it to the output terminals of the Model 71. Set 
the meter of the Model 71 for a reading of 1.00. The 
output should be within -+20% at any frequency. The 
D-C voltmeter should indicate half the voltage indi- 
cated on the calibrated positions of the attenuator 
dials I3 and I5. 


b. The square-wave SYNC output voltage measured 
with the D-C multi-meter should fall between 15 and 
55 volts. 
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APPENDIX | 
STORAGE AND SHIPMENT 


1. STORAGE. 


a. Remove dust from controls and outer surface of 
instrument with a clean rag. 


6. Wrap instrument in heavy wrapping paper and 
seal seams with gummed tape or similar adhesive. 


c. Store in a dry place. If excessive humidity is un- 
avoidable the wrapped instrument should be placed in 
a moisture-proof bag with a sufficient quantity of drying 
agent, such as silica gel, to insure a dry atmosphere. 

(1) When the use of bag and dessicant is neces- 
sary, the instrument should be checked at 6-month 
intervals to determine the effectiveness of the seal. 


2. SHIPMENT. 


a. Wrap the instrument with heavy wrapping paper 
and seal seams with gummed tape or similar adhesive. 


b. Place in fibre-board carton or wooden box large 
enough to permit at least 3 inches of excelsior or simi- 
lar packing material between the instrument and sides 
of the box. 


(1) For export packing the instrument must be 
wrapped in waterproof paper and the seams sealed with 
glue or similar sealing compound before being placed 
in a wooden box. 
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, APPENDIX Ill 
BIBLIOGRAPHY ON SQUARE-WAVE TESTING 


Arguimbau, L. B., Vacuum-Tube Circuits, John Wiley & Sons, Inc., New York, 
1948, a book. 


Bedford, A. V., “Transient Response of Multistage Video-Frequency Ampli- 
fiers”, Proc. I.R.E., Vol. 27, No. 4, April 1939, pp. 277. 


Cruft Laboratory Staff, Electronic Circuits and Tubes, McGraw-Hill Book Co., 
Inc., New York, 1947, a book. 


Harrison, E. B., ‘Test Methods for High Quality Audio Transformers”, Tele- 
Tech, Vol. 9, No. 3, 40-41, March 1950. 


Kallman, H. E., “Portable Equipment for Observing Transient Response of 
Television Apparatus”, Proc. LR.E., Vol. 28, No. 8, Aug. 1940. 


Rockett, F., “Impedance Measurement with Square Waves”, Electronics, Vol. 
17, No. 9, pp. 138-140, Sept. 1944. 


Stocker, A. C., “Oscillograph for Television Development”, Proc. I-R.E., Vol. 
25, No. 8, pp. 1017-1035, Aug. 1937. 


Swift, G., “Amplifier Testing by Means of Square Waves”, Communications, 
Vol. 19, No. 2, Feb. 1939. 


Terman, F. E., and Pettit, J. M., Electronic Measurements, McGraw-Hill Book 
Co., Inc., New York, 1952, a book. 


“Television Transient Response”, Measurements Notes, No. 3, Dec. 1950. 


“Transient Measurements with the Model 71 Square-Wave Generator’, 
Measurements Notes, No. 6, July 1953. 
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